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PROBLEM TO BE SOLVED: To provide a semiconductor laser 
having characteristics for self- exciting appropriately from low 
output. 

SOLUTION: The semiconductor laser device is provided, where 
the device has a lamination structure that includes an active 
layer 15 and layers 13, 14, 17, 18, and 20 having a higher band 
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o »Sjfc6*5ICBfc***W*a 1 9lip-GaNAs 
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[0 0 4 5)04(1, £b{zm<DffimZ%tZ>mt®)% 

9, GaNSfill»?)p-AlGaN;7yK|l 
8, p-GaNW K12 7, p-GaNAs#lt 
r#P2 8, p-A]GaN^77 K® 2 0 <Ds<> K3f 

4^^JJftSl9te, p -G a N)fc#^ Kl 2 7 fcitf 
p-GaNAs #mfi*#F2 8 l:J:cTiS^Wc 
[0 0 4 6] %ffi0JgflB2 

K4XOfc*<&S{fc4fe^*ft:Jf l 9#A ] G a Ni&»64 

ffi^fll £|5]1iT*fc5 0 B5.Sr#Ba-t"5i:, G a Nl 
4R1 10Kffi^fln*«l 0tf>ffM£ft, GaNg&l 
l±£tt, n-GaN/<77rll2, n-AlGaN 
^77Kil3, n-GaNWK§14, G a NA s 
ISttilS, A 1 G a N^ESihll 6, p-GaN^f 
-f KJBl 7, p-AlGaN^7^KH8, gfctt^ 
^Sgfti 19, A 1 G a N&ggjf 29, p-AlGaN : 
*7yKJB20, p-GaN^y^^M2h « 
2 2, fcJztf pttffi2 3#»j££ftT^5 e 
[0 0 4 7] itr^^i/^/UriEftiaSJc*5V^Tp-A ! 
G a N*7 5/ KJiliHSfl-Cdtft^-frS, Lfc#oT, A 



AlGaN^t,4^ai2 9«U ftM 2 9 Jb 
l:p-AlGaN^7'> KJi2 0t:JMtLfc. SSI2 

{KS12 9(1. ^7yKI«fl*l:As, PSfciis 
' [0 0 4 8] %m<OWm 2 OiNfft U— *f OSft^n -fe 

Lf:t^tlT'fc5„ StlKiJxtf, Wctf6o## 

[0 0 4 9] 
[£l] 



PL fcSOBtt *v 


±4nm 


irIOnm 




±1mW 


±1. SmW 


MTCiJCftllJML**) 


1.8 


1 



[0050] nmormz 

%M<r>im^\t. H16^JBtei*fctt2«ci3«t52<fc«9 

1 9 OG a N A s £G a N PK&ifc^ft 

ttra«tT*>5. ^ni^c^TV&TcSifT&SPcD 
2JK*%fc|«*iiTi*5. WfeJxfc* 
W#^-1fSfi*©»ttlWi*fTofc 0 £jgglffitt3 4 m 
AT*fc!3, %&i£ftl*4 0 0 nm± 1 0 nmlCftJftp-Ct 
Tl^S. 3feta*5mW % S0 3fe*0. 1%-10%^ 

onttm^&gn- 1 2 6 d b/h z ar-cfcofc, & 
it^momm 2 n ifc^otftBSHA Liz tzzm 

[ 0 0 5 1 ] j«fcO»»lt*:r42lci3»t5«ft 
fe&^ttl 19(DGaNAs£lnGa NPIC«*.T 

fc. 

[0 0 5 2] *fc£J6<D^16 3<DiSttlg£ InGaN, 
InGaNAs, InGaNAs P\Z$£jLtzt Zh. Z 



K** v -fti^G a N P t mm L < fcJxtf W&ft 

[0053] mm<omm4 

SCHTfcSo H6lC*5V^T v GaNS«l 1 
(tnSSl 1 Oj&SttttfcftTl^io GaNSSl 1 1 <£> 
*ffiJCf±, n-G a N/<'>77Sl 1 2, n-AlGa 
N*5yKJtri3, n-GaNWKSll4, In 
GaNAs Pffittll 1 5, A 1 G a N&JSg&Jtl 1 1 
6, p-GaNtff Kgl 1 7, gl(Oi<k^^» 
1118, p-GaN^KSH9, p-AlGaN 
Kll 2 0, «2oe{k**^W**l 2 1, p 
-A 1 G a y KJBl 2 2, p-GaN^>^n 

112 3, feflUKl 2 4, *3j:tf pWll 2 5#Rtt& 

(;S2<7)Hk:M*8ft:Ii 2 ia)B*BliH2Jl»1-t 
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xvm 2 <D&Kmx¥m#m 1 2 1 it^ti^ti. g a n 

SSM^&. p-GaNWK124ioJ:U J p-In 
GaNAsPMWF25i:«l:o':M^5o % 
lOlftMWIMl 1 8*J:tf!ll2tt«fc**¥* 

U^SflEI-'hiK, **M K*2 4irJ:5ffittJi*»b0 
[0 0 5 4] *jt«o»jili*lt5*W*^— 

fttts&afl; ufc t r *Mjg 3 5 m a t* u— f £&&m 

i:54 0 5nm+10nmTt)ot fcllftT-f*? 
SiK&S LT^6 u-imM 5 Jfc t ^#1- J: 5 111** 5 

ftffi^£5mWllL, S9*0. 1 1 0 %^0#cD$t 
^SrlB^fcfc 15- 1 3 0 dB/H z fiATT'fcS 1 fc * s 

1 mWg/SKLfcfc l5|5]«l;:- 1 3 0 d B/H z 

^ 5 fc » KJfcffl «r 3 0 m Wgjg ii Lfc fc 1 5 m$£ - 
1 2 8dB/Hz»T-C*>9, jW-f**$/*yAfc* 
^TfMK fitffcV*ofc1***>*#::*»fc LT-HH* 
x_fc 0 

tO 0 5 5] fiffl*«Fl-l3»t5¥**^-1frt«)*tt. 
JBlwiftft**»#il l 8©tt»wl3i*-CJ:9#< 
#*L, I nGaNAs POpIttftKlRL^-rv^ttW 
fc*, JB l ^S<btt%¥iKM l l 8 <0^fifb»iR»* 

£*fc**<*S. »il3J:t;jB2oH*«) 
»b«*^#io^rttft»iRJ«i*lw J: o T 3 B«fi# 

[0 0 5 6] Wifl**ip|ftlttn-GaN*^ 
KJfS3J:tfn- InGaNAs P^-i^F^bfto 
TfccfcV\> lO©Ifti*t»#l#nl 

(fetilin-^7yKiSfcHn-^Ka) rt*fc 
ling (fciifin-^yKlitlin-WKg) 
Wrrai?Rttfe:h/CfcJ:^U 2o«)*fl:lfc**» 
ftg asw*fcttlt htiX fc J: V\> n Hffllc pTflftftiKa 
fc*OJifcKttTfc±EfclB«lioa!l»«r»awfc*5-t?* 
±E«ittt*<bl^ **<&»lB2fc[3]ttL pTttftfl 
ttofcftoJUfclliftBJlt^LTfcJiv^ ««)B«:ffl 
1 fc "?#8* «9 ^[p]± Lfc 0 



14 

[0 0 5 7] SiS<7>^ffi5 

StEJT'fcSo 0 7l*io^T, Ga NS4E2 1 l^iffil: 
\tnWM2 1 Otm&ctl. GaNSfi2 11^IBC 
11, n-GaN/<777i212, n-A 1 GaN^7 
5/ Kg 2 1 3 % mi OSft»S**»8 2 14, n-A 
lGaN^7'>KS215, n-GaN^K|2 1 
6 , InGaNAs Pft&M 217, A 1 G a N^ISK 
ihg218, p-GaNWKi219, p-AlGa 
io N^77K12 2 0, fR 2 <Og{fcfe^¥£fcg 2 2 1 , 
p-AlGaN^5yKl2 2 2, P"GaN^^ 
M2 2 3, |6il2 2 4, *5«fctfpa;ffi2 2 5 3&SJgf£ 
£ftTV^ e *fcH7l^»i-J:5(ip«*«f4««^b 

1 4*5j:V*2 0S<k**^*#l2 2 14>ftflttB2 

2 14ft, GaNlSl^b, n-GaNWKifc 
20 £<>'n -InGaNAs P$-iT-^Fl:<totM$ 

ft, *2 0«<b«*¥»tWi2 2 1 II, GaNStEdO^ 
fc, p-GaNWKifcit/p-InGaNAsP 

($12 1 4fciVJK2 0»t»****«2 2 1<0HR 
ftfc****** 214^S2 OSft*****!! 2 2 

30 [0 0 5 8] *tto»»!:*it5*i*^1l*I 
II, £J6<^l£l fclitfll«KLTKig$;h,So Wfcft 

ffft*ft*a« Lfc fc 1 5BSffi 3 2 m At? U—WSfi* 

fcfc 154 0 5 nm± 1 0 nmtfcofc 0 fri-ftx.^ * 

fco ^*fiLTV^SU-lFH:S9*fc«> : f*^J:9ffl 

sfcftntt»soH»i-eaa*iiS:u-cv^fc iv^ 0 * 

40 -ffttti^^mWdU R93tO. 1 1 0 %tf)0#<D 
Jg^&iB^fcfc :5- 1 3 0 d B/Hz^Ttfe^:^: 

lmWMl: Lfc fc 1 5W««w- 1 2 7 dB/H 

ilLTv>^ r. fc^b^ofc 0 

[0 0 5 9 ] ^fcNFP$rIi-<fcfc tT-A/'?^- 

u>x-e»*Lfcfcto««ifc3i $ KlS 
(D»«ll^»Lra»*ixfc. ^ft»4, )tr^^^v^ 
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S^tottftffci. gU^I"* 5 InGaN 

te!£<P<L>i: LTWffc&ftgliiEE-f 5*T*. fttti**> 
EfcflfftT-t?,,, 

[0060] ±iE«iti4 $ e>i- , mmmm 2 1 im 

htv»*#, y in. 
[0061] n&nmm 6 

H 8 f4*SJSrojg«^fe It 5 u— mi fc#t* 
S;iaT-fo5o H8tj3V»T» G a Ng«3 0 1 OSBIC 
ttn««3 0 OiJRttbJx, GaNSS3 0 1O$ffil: 
14, n-GaN^y77f3 0 2, n— A 1 GaN?7 
S> Kg3 0 3, n-G a N#-f Kl 3 0 4, G a NA s 
Stti3 0 5 t A 1 G a N3£SgESikl 3 0 8 . p-Ga 
N#-fKl 3 0 7. p -A 1 G a N^7 7 Kl 3 0 8. 
n-AlGaN7Dy?i3 0 9, ittl^l3 20 
10. p-Ga N=>>^^ HJ13 1 1 . *5<tU«pm^3 
1 2*5»^$jiTV»5 0 plrtKEESiutn-^n.;/ 
*1K4 9SttS^ffiASixS««ttK*£;h.TV>5. 
»^Mfl:l3 1 OcofgjsKli. B2l^1-i»9T 
ife9. GaNStRfflS*»t>. p-GaN£MK!2 4* 
i^P -G a N A s 2 5 tioTaft** 

¥^(*i3 1 otmi&£tiz 0 mtvo%>¥m#m3 1 o 

'h£<. Jt^W KH2 4liJ:5jSttJi!ft>e,©56Jtfi3»* 

[0062] xni&nmmttsvziEmtt u—fmm<o 

Lfctr^BSfc 2 5 mAfU- flS^^BB 
i:54 0 5nm±10nmt , Jbofc„ JiCJtf-f^^ >: 

a^ss lt^s u— r 9 * t ©T^ict 9 aj77*s 

aj7l£5mWKL. M9ft0. 1 %~ 1 0 %©B#<OJtflF 
SrfS^fcir^- 1 3 2 d B/HzK7T'fc5:i«^ 

SrlmWS«tLfcfcr5RI«Hr-l 2 8dB/HzK 
TT-*>9. iSmsm^jt^-r^^^^xAcofSfflicigt 

[0 0 6 3] ^tfe^igfcjlroftg, flfil. &£t$fl 

Lti:r5, nmommi ~4 tEHsi^t^ ki£# 



J<5 

Kl€r8rfcfc^#fi*f#F. Jt^ Kl**o 

9 y Kl©£#, p-Sfcttn-^Klrt. n- 
^yKlrtffccrwi>. ^<d&(4. ni&<oBW>4 
i:H^K 2 (@T*fcoTt<fc<. ^tROfllitlCtoTlStB 

5««l#fcoTtJ:<. ««lfcffl^5ri?£B* 

[0064] %%mm 7 

fticllJSrojl^l 1 ~ 8 \z «k o r^btLfc^fr i^-if * 

Lfc. 0 914. $3Sli©^1|g©3fc¥3£tt«l?£§5Efc* 
■t-H-CfcS. £fi(4, 1^1001 ±I^Kt^h-7t¥-« 
frW— 0 0 2, ^^-^1/>X1 003, t' 
-A^y ^ 1 0 0 4, JtftU^Xl 0 0 5. 

ZMfttZtLibouyXi 00 7. *iW«*Siifcjt 
Sr^tiJ1-57l£:ftffiSl 0 0 8«>f)/j;cTi'5. 
3:tj?$aS£i£gK:fc^T. 0 0 2a» 

btaWLfcu— tfjtii. = y uyxi 0 0 3f¥ 

* 1 0 0 4 £®iLT. SftuyXl 0 0 5C:«fc 9 ftr 
^^ 1 0 0 6 0«*1BflkiBt«3tS*L5. ftT-f** 

1 0 0 6roit^iE&Bici4. ma. tt«aen£fciiiB9f 

few— fjttt. ^rr-Ei+$^. *f^u^xioo5^ 
iiLT^-A^.ry 2/^ 1 0 0 4ic«toT^tt$n. s 

W3fctft3t1-5fc»Wi>vXl 0 0 7 lc <fc o-C)fc&fflS§ 
1 0 0 8lw^^^5. JtttfflSl 0-0 8-C3t*ttt* 

[0 0 6 5] %m<r>M1&io*%9Hz±&u~ fm^-t 
<fc 9 ^^1006 <Dft&w,mmzMM&&-?&yt 

$n.:-?rOi^ft.--5M/mm2troS«gT-E&$nfc 
Ttx-f^^^b. b*y MS9*1 0-6-ce#ji*Jxfcit 

mkLxijkLtLmty>)X¥mfts\zi n GaN»t 
^io-3r*fo»9. nmzmztefa-oit. rco,t9i-*^ 

[0 0 6 6] ^JSO^flg 1 O^to 0 icHftrojgSI 2 . 
3, 4. 5*fctt6 0*i»(*:u— r*^fc±E**a«l 
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[0067] u±*t£oizmm%*mm\m&<» 

O$£#$ib;h,5o •5iigfa®itX(D7 v c»(Og^^ i t i «^ 
lli*5«t5 S b OSsflOftfi 1 ~ 5.H^%Sg* s «tv\ 
[0 0 6 8] 

s> P:fcJ:tfSba^/.£Sl£i93liixS'>ft< fct- 

[Hi] *%wiz.£zmmmmi<D¥&fcu-?m 
wz^tmmxh*. 

[12] ^fiftftiK©fc*roS<fc**¥*fWI<o*J£ 
0Tfc£ o 

[0 3] ilfiafpKiRrofc^rog^^^^lrot^ 

-o ro«5r m x h z> o 

[0 4] BTttRKiRofcftoS^lfc^^flEJiWttro 
[0 5] *J8WKJ:*IIIIIOjett2©¥»#i'— !f«E 

fi£*H-ga;0-efc5. 30 

[06] #*Wfci:5SWfc«>»ll4 0i|i»fru— !PK 

[0 7] *»WfcJ:S*«©#«5©¥W^-'0 , 3i 
■**+f«;B|-e*>$. 

[08] *»W^J:5itltO»«6 04|iW#u— !PK 

[0 9] *?8W^J:5^160^lS7(D3t^S:««S4 

[010] GaN£«Srf!tji-f5fc*OlSSr^-f-« 

[04] 

11 27 28 

»> ► 




J5 

[011] 

[012] 5-oo#l(fei^-f 

[HI 31 ^ftiu-lf^llfctta I n G a N A s 

[«F*oiMn 

10 nSfiL 11 GaNll 12 n-GaN^ 
5/7ri, 13 n-AlGaN^^KI, 14 n 
-GaN^ Ki, 15 GaNAsffitti, 16 A 
IGaNWii, 17 p-GaN^Ki, 18 

p-A!GaN???KI, 19 »fc*3R¥*tt 
20 p-A 1 G a N*75> KJ8. 21 p-Ga 
N = >-**M, 22 t&ftfiL 23 pti, 24 

Kl, 2 5 p-GaNAs»-K#F, 2 6 

p-GaNAsl-im 2 7 Jt^f-f Kl, 2 
8 ^aft^F, 2 9 mil, 5 9 nil, 6 0 

ng}SiCgtk, 61 n-AlNl, 62 n-A 
lGaN^7^KS, 63n-AlGaN^KI, 6 

4 InGaNffitti, 85 p-AlGaNWK 
66 p-A 1 G a y y KB. 67 p-Al 

GaN^y^ni, 88 I nG aN"5T«aftfRlRS, 
69 p*ffi, 70 t77-<7S^ 71n-GaN 
/<j/77-8, 7 2 n-GaN^V^Fl, 73 
n-AlGaN^7jyKS, 74 n-InGaN/G 
aN#lt^#FI8i, 7 5 InGaN/GaNl 
fifi^#F. 7 6 p-GaN|»l, 7 7 p-Al 
GaNi, 78 p-GaN3^ni, '79 n- 
GaNa©ES±l> 8 0 pll, 8 1 nife 8 2 
InKyhflMft, 3 0 0 nWfi* 30 1 GaNl 
"fi, 3 0 2 n-GaN^«;77i, 3 0 3 n-Al 
GaN^77Ki, 3 04 n-GaNWFS, 30 

5 GaNAsfittl, 3 0 6 AlGaNWi 
1, 3 0 7 p-GaNWKi, 3 0 8 p-AlG 
aN^7'; Kg, 3 0 9 n-A 1 G a N^n y?M. 

'3 10 iftW»ftI,-3 11 p-GaN^y^ 
* Ml*- 312 :p«ffi, 9 0 0 t77^Tl#, 9 
0 1 .Si O2K0 

[hi 0] 



901 



^2-900 
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